Background-In patients with acute coronary syndromes and planned percutaneous coronary intervention, the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38 demonstrated that treatment with prasugrel versus clopidogrel was associated with reduced rates of cardiovascular death, MI, or stroke and an increased risk of major bleeding. We evaluated the cost-effectiveness of prasugrel versus clopidogrel from the perspective of the US healthcare system by using data from TRITON-TIMI 38. Methods and Results-Detailed resource use data were prospectively collected for all patients recruited from 8 countries (United ; nϭ3373 prasugrel, nϭ3332 clopidogrel). Hospitalization costs were estimated on the basis of diagnosis-related group and in-hospital complications. Cardiovascular medication costs were estimated by using net wholesale prices (clopidogrelϭ$4.62/d; prasugrelϭ$5.45/d).
was associated with a significantly reduced rate of the composite end point of cardiovascular death, nonfatal myocardial infarction (MI), or nonfatal stroke at the expense of an increased risk of TIMI major bleeding not related to coronary artery bypass graft surgery (CABG). 1 
Clinical Perspective on p 79
The extent to which prasugrel should be considered the thienopyridine of choice for ACS patients undergoing PCI depends not only on the balance between thrombotic and bleeding events but also on the economic implications, especially in light of the potentially large population of patients who may be candidates for this new therapy. We therefore compared the overall costs of treatment with prasugrel versus clopidogrel and evaluated the cost-effectiveness of these therapies from the perspective of the US healthcare system in terms of incremental cost per year of life gained.
Methods
The design and key results of the TRITON-TIMI 38 trial have been reported previously. 1, 2 Briefly, TRITON-TIMI 38 was an international multicenter randomized controlled trial among 13 608 patients with moderate-to high-risk ACS undergoing planned PCI that compared prasugrel (60-mg loading dose and 10-mg daily maintenance dose) with clopidogrel (300-mg loading dose and a 75-mg daily maintenance dose) for 6 to 15 months. The primary end point was the composite of death resulting from cardiovascular causes, nonfatal MI, or nonfatal stroke. The key safety end point was TIMI major bleeding not related to CABG.
Design of the Economic Study
The economic analysis was prespecified and performed using data from all patients enrolled in 8 prespecified countries: United States, Australia, Canada, Germany, Italy, Spain, United Kingdom, and France (the necessary data to characterize resource use were collected only for patients from these countries). The primary economic end point was total in-trial costs; if one drug proved to be both more effective and more costly than the other, an evaluation of incremental cost-effectiveness would be performed.
Sources of Cost Data
The general approach to estimating costs was to multiply counts of resource use (hospitalizations, physician services, procedures, medications) by price weights derived from comparable populations of US patients. All costs other than study drug costs were assessed in 2005 US dollars.
Hospitalization Costs
Detailed rehospitalization data (indication for hospitalization, length of stay, diagnostic/therapeutic procedures performed) were collected for all end-point-related hospitalizations for patients enrolled in each of the 8 countries participating in the economic study. Data relating to hospitalizations for other cardiovascular or bleeding events were obtained from adverse event reporting. The index hospitalization and all rehospitalizations for a cardiovascular or bleeding condition were assigned a diagnosis-related group (DRG) on the basis of principal diagnosis and procedure(s) performed by a coder blinded to treatment assignment; costs were assigned on the basis of the average DRG-specific Medicare reimbursement rates. Physician costs associated with hospitalizations were estimated from the DRG-specific ratio of physician reimbursement to hospital costs. [3] [4] [5] Because DRG-based costs are insensitive to differences in resource use that do not result in changes in DRG assignment, separate incremental costs were assigned to reflect the occurrence of procedure-related MI and bleeding complications. These costs were based on published regression-based cost analyses from similar US PCI patients enrolled in the Randomized Evaluation of PCI Linking Angiomax to Reduced Clinical Events (REPLACE-2) trial (periprocedural MI, $2543; TIMI major or minor bleed, $7176; TIMI minimal bleed, $451). 6 Similarly, the incremental cost of a CABGrelated major bleed ($9366) was derived from an analysis of Medicare data. 7
Medication Costs
Study drug costs were assigned through the use of net wholesale price as of August 2009 (clopidogrel, $4.62/d for the base case; prasugrel, $5.45/d). 8 A secondary analysis comparing prasugrel with generic clopidogrel (anticipated to be available in 2011 in the United States) estimated the cost of generic clopidogrel to be $1/d. Because outpatient concomitant medication use was virtually identical between the 2 treatment groups, associated costs were not included.
Life Expectancy Estimation
The median duration of follow-up for patients enrolled in the economic study was 14.7 months for both groups. Because this duration was relatively brief compared with overall life expectancy for the trial population, estimation of life expectancy for each surviving TRITON patient beyond his or her observed follow-up duration, contingent on the clinical events (cardiovascular death, MI, stroke) observed during the trial, was required. These estimates were derived from an analysis of the Saskatchewan Health Database, 9 a publicly available, comprehensive, longitudinal healthcare use database containing the entire population of the Canadian province of Saskatchewan. The Saskatchewan life expectancy estimates are based on data from patients who underwent PCI either during or after a hospitalization for ACS that occurred between 1985 and 1995. Follow-up for these patients ranged from Ͻ1 to 15 years (average, 3.35 years).
The estimation of life expectancy after a nonfatal MI or nonfatal stroke was based on data from Saskatchewan patients who experienced these nonfatal events within 1 year of the index ACS hospitalization to mirror the trial time frame. Methods used to derive the life expectancy estimates have been previously published 10 and validated, 11 and this approach has been used for the life expectancy projections for several previous trial-based economic analyses. 4, 5, 12 Parametric regression was used to estimate piecewise hazard functions of death over time for patients who experienced nonfatal MI or stroke, with adjustment for age, sex, cardiovascular risk factors, and prior events/procedures. Life expectancy for each study participant who survived to the end of the study was predicted contingent on in-trial cardiovascular events. Life-years lost as a result of nonfatal MI or nonfatal stroke were estimated by subtracting the covariatespecific life expectancy estimates for patients with these events from the life expectancy of otherwise identical patients who experienced neither event within 1 year after PCI. Life-years lost as a result of death were estimated as the covariate-specific life expectancy of those who survived the year.
Statistical Analysis
Categorical data are reported as frequencies; continuous data are reported as meanϮSD. The clinical end points for patients in the economic study and for patients in the overall trial were compared between treatment groups through the use of unadjusted Cox proportional-hazards models. Rates of periprocedural MI and bleeding events during the index hospitalization were compared between treatment groups with the Pearson 2 test; the Mantel-Haenszel test for trend was used to compare the incidence of multiple PCI and MI events over the course of follow-up. Poisson regression was used to compare rates of follow-up hospitalizations. Confidence intervals (CIs) for the differences in costs and projected life expectancy between the 2 treatment groups were obtained with the bootstrap method. 13 All analyses were performed according to intention to treat. cost-effectiveness ratio (ICER) for prasugrel versus clopidogrel was calculated by dividing the net cost associated with prasugrel treatment (over a median duration of 14.7 months) by the difference in lost life expectancy resulting from death, nonfatal MI, or nonfatal stroke. Estimates of future annual healthcare costs beyond the trial period ($6836/y) were derived from the Reduction of Atherothrombosis for Continued Health Registry. 14 Future costs and life expectancy were discounted at 3% annually in the base case.
Sensitivity analyses examined the impact of alternative assumptions about costs, life expectancy, prognostic impact of in-trial events, and discount rate (0%, 5%) on the results. The base-case analysis was repeated for several clinically relevant subgroups, some prespecified (sex, diabetes, ST-elevation versus non-ST-elevation ACS, patients receiving drug-eluting stents versus no stents) and some identified post hoc (history of stroke/transient ischemic attack [TIA], age Ն75 years, body weight Ͻ60 kg). To explore the impact of duration of therapy on cost-effectiveness, separate analyses were carried out with the use of cost and clinical outcomes data from randomization through 30 days and from 31 days through the end of follow-up.
Cost-Utility Analysis
We performed a secondary cost-utility analysis in which health benefits were assessed in terms of quality-adjusted life-years. Ageand sex-specific utility values derived from the Beaver Dam Health Outcomes Study 15 were applied to all patients enrolled in the economic study, and the overall average was used as the baseline utility for all patients. A multiplicative utility adjustment of 0.88 for the first year of follow-up was applied to patients who experienced an in-trial MI, and a multiplicative utility adjustment of 0.52 for the patient's remaining lifetime was made for patients who experienced an in-trial stroke. 16, 17 A disutility "toll" of 0.015 years was subtracted from the patient's total quality-adjusted life expectancy for each major bleeding episode. 18 For each analysis, bootstrap methods (5000 replicates) were used to estimate the proportion of the joint distribution of lifetime costs and effectiveness differences lying in different regions of the cost-effectiveness plane. Bootstrap methods also were used to produce cost-effectiveness acceptability curves. 19
Role of the Study Sponsor
The analytical plan was prespecified in the economic study protocol and was performed by the authors without input from the study sponsor through the use of an independent copy of the complete trial database. The funding agreement stipulated that the investigators had the right to publish the study findings regardless of the results.
Results

Patient Population and Clinical Results
Baseline characteristics were similar for the overall trial population and the economic study subset (see Table I of the online-only Data Supplement), as were the primary clinical results ( Figure 1 and Table II of the online-only Data Supplement). There was a slightly greater relative hazard reduction with prasugrel early in follow-up (over the first 30 days) for the overall trial population (hazard ratio, 0.77; 95% CI, 0.67 to 0.88) than for the economic study subset (hazard ratio, 0.79; 95% CI, 0.66 to 0.96), whereas from 30 days through the end of the study, the estimated impact of prasugrel was greater for the economic study subset (hazard ratio, 0.81 [95% CI, 0.65 to 1.01] versus 0.87 [95% CI, 0.74 to 1.02]).
Index Hospitalization Resource Use and Costs
The distribution of DRGs associated with the index hospitalization was similar between treatment groups. The incidence of periprocedural MI events occurring during the index hospitalization was higher for clopidogrel (5.3% versus 4.6%; Pϭ0. 19) , whereas the incidence of bleeding events was greater for prasugrel (5.3% versus 4.5%; Pϭ0.13). Increased costs of $38 per patient related to periprocedural bleeding events for patients in the prasugrel arm were partially offset by decreased costs associated with periprocedural MIs of $19. As a result, mean index hospitalization costs did not differ significantly between treatment groups (mean difference, Ϫ$12; 95% CI, Ϫ174 to 156; Figure 2 , left).
Follow-Up Resource Use and Costs
The incidence of rehospitalization for cardiovascular or bleeding indications was 36.4 per 100 patients with prasugrel and 37.7 per 100 patients with clopidogrel (Pϭ0.39). Repeat PCI represented 43% of all rehospitalization events and was less frequent with prasugrel (14.1 versus 17.7 per 100 patients; Pϭ0.0002; Table 1 ). Although the majority of these procedures were not associated with a new MI, the relative reduction with prasugrel was greater for PCI with MI than for PCI without MI (38% versus 16%). The absolute reduction, however, was greater for PCI without MI ( Total rehospitalization costs, exclusive of study drug, were $517 per patient lower for prasugrel (95% CI, 25 to 1040; Table 2 ); the majority of the cost offsets were due to the reduced rate of rehospitalization involving PCI (Figure 2,  right) . On the other hand, mean costs of study drug were $308 higher for prasugrel (95% CI, 269 to 347). Cumulative medical care costs (including study drug and the initial and follow-up hospitalizations) were thus $221 per patient lower with prasugrel (95% CI, Ϫ759 to 299).
Life Expectancy Projections
Lost life expectancy resulting from cardiovascular death, nonfatal MI, or nonfatal stroke was lower for prasugrel (0.428 versus 0.530 life-years lost; difference between prasugrel and clopidogrel (⌬P-C)ϭϪ0.102; 95% CI, Ϫ0.1803 to Ϫ0.0299), primarily because of the reduction in nonfatal MI (Table 3) . When these projections were based on data for the overall trial cohort, life expectancy gains with prasugrel were slightly lower (0.096 life-years gained; 95% CI, 0.0426 to 0.1482).
Cost-Effectiveness Analysis
Under our base-case assumptions, treatment with prasugrel versus clopidogrel for a median of 14.7 months was projected to decrease cost by $221 and to increase life expectancy by 0.102 years, rendering treatment with prasugrel an economically dominant strategy. Figure 3 illustrates the joint distribution of incremental cost and life expectancy differences derived from bootstrap resampling. Treatment with prasugrel was a dominant strategy in 79.7% of bootstrap replicates, and the ICER was Ͻ$50 000 per life-year gained in 99.8%. In our base-case cost-utility analysis, the overall benefit of prasugrel was 0.095 quality-adjusted life-year, and prasugrel remained a dominant strategy.
Impact of Duration of Therapy on Cost-Effectiveness
When we limited our analysis to costs and events that occurred during the initial 30 days of follow-up, prasugrel was associated with cost offsets of $218 (excluding study drug), net cost savings of $192 per patient (after including study drug), and a projected 0.056-year gain in life expectancy. In a landmark analysis beginning on day 31 of follow-up (ie, costs and events that occurred before this time point were excluded), prasugrel treatment was associated with cost offsets of $311 (excluding study drug), net cost savings of $29 per patient (after including study drug), and a projected 0.053-year gain in life expectancy. Thus, under our base-case assumptions, prasugrel remained an economically dominant strategy for both the initial 30 days of treatment and the extension of treatment from 31 days to 14.7 months.
Sensitivity Analyses
Prasugrel remained a dominant therapy over a broad range of assumptions, including the application of hospitalization costs derived from the Marketscan database (private-payer perspective rather than Medicare); the inclusion of life-years lost resulting from all deaths (as opposed to only cardiovascular deaths and fatal bleeds); the inclusion of life-years lost due to TIMI major bleeding events (under the assumption that the associated lost life expectancy is equal to that for a nonfatal MI); the reduction in lost life expectancy resulting from death, MI, or stroke to 50% of that estimated from the Saskatchewan Health Database; the assumption of no life expectancy lost as a result of periprocedural MIs; and the application of alternative discount rates (see Table III 
Impact of Generic Clopidogrel
When prasugrel was compared with generic clopidogrel at a hypothetical cost of $1/d, the net cost with prasugrel increased to $996 per patient with an associated ICER of $9727 per life-year gained, and 98.2% of bootstrap estimates were Ͻ$50 000 per life-year gained (Figure 4 ). When this analysis was restricted to the initial 30 days of treatment, prasugrel was an economically dominant strategy with net cost savings of $92 per patient. Treatment from day 31 to the end of the trial yielded an estimated incremental cost with prasugrel of $1088 and a corresponding ICER of $20 714 per life-year gained with 84.5% of bootstrap estimates Ͻ$50 000 per life-year gained (Figure 4 ). Under the most conservative set of assumptions (inclusion of lost life expectancy as a result of TIMI major bleeding, use of generic price for clopidogrel, and inclusion of costs in added years of life), the ICER for prasugrel was $18 458 with Ͼ91% of bootstrap estimates Ͻ$50 000 per life-year gained. Figure 5 illustrates the impact of a continuous range of differences in drug price between prasugrel and clopidogrel on the cost-effectiveness results. For treatment over the full study duration, the ICER remained Ͻ$30 000 per life-year gained even when the difference in drug price was as high as $10/d. For treatment up to 30 days, prasugrel remained a dominant strategy as long as the difference in drug price was Ͻ$7.67/d, whereas for treatment beyond 30 days, the ICER exceeded $50 000 per life-year gained only when the drug price difference was Ͼ$9.30/d.
Subgroup Analyses
Under our base-case assumptions, prasugrel was a dominant treatment strategy in an analysis of both costs and effectiveness based on US patients only. Prasugrel was also a dominant strategy in multiple other subgroups, including men, patients with or without diabetes, patients with STelevation or non-ST-elevation ACS, patients treated with bare metal stents, and patients with no history of stroke/TIA (Table 4 ). For women, there was a net increase in costs of $376 per patient and an ICER of $4001 per life-year gained. For patients treated with drug-eluting stents, prasugrel increased overall costs by $26, with a corresponding ICER of $326 per life-year gained. For patients with a history of stroke or TIA, the higher rate of primary clinical events with prasugrel translated into greater life expectancy losses.
Discussion
This is the first prospectively designed economic evaluation of prasugrel compared with clopidogrel for the treatment of patients with ACS. On the basis of the 6705 ACS patients with planned PCI included in the TRITON-TIMI 38 health economic study, treatment with prasugrel versus clopidogrel for a median of 14.7 months appears to be an economically dominant treatment strategy, resulting in both lower costs and greater life expectancy. Prasugrel remained dominant in numerous sensitivity analyses varying either unit costs applied to the in-trial period or assumptions about the projected impact of in-trial events on life expectancy and quality of life.
The primary clinical benefit from prasugrel, with respect to the individual components of the primary clinical end point, was the reduction in nonfatal MI, which yielded 73% of the projected gain in life expectancy. The primary economic benefit from prasugrel was the reduced rate of rehospitalization for repeat PCI, which yielded Ͼ$600 per patient in cost offsets. Although the majority (83%) of these repeat proce- dures were not associated with a new MI, the relative reduction with prasugrel was greater for those associated with an MI. Incremental costs associated with the increase in bleeding events with prasugrel were more modest ($107 per patient) as a result of the relative infrequency of those events.
There has been considerable discussion in the literature about the relationship between bleeding and long-term survival among patients with coronary heart disease. Although numerous studies have demonstrated increased risk of death for patients with bleeding events, 20 -22 it remains uncertain whether this is due to a truly causal association or to common risk factors (ie, unmeasured confounding). Although major bleeding indicators were not available in the Saskatchewan Health Database from which to estimate the impact of bleeding events on life expectancy, a sensitivity analysis assuming that TIMI major bleeds have the same impact on life expectancy as nonfatal MIs showed that prasugrel remained a dominant strategy, although the associated life expectancy gain decreased from 0.102 years (base-case analysis) to 0.081 years.
We also performed a series of landmark analyses examining cost-effectiveness separately for the first 30 days of the trial and beyond 30 days. The 30-day landmark was chosen because it was considered a practical time point at which continuation of therapy with prasugrel after PCI might be reconsidered in the interest of maintaining the balance between thrombosis prevention and bleeding. Costeffectiveness results showed prasugrel to be a dominant strategy both during the initial 30 days and from 31 days throughout the rest of the follow-up period. Although the validity of the results for the period beyond 30 days is uncertain because of the lack of rerandomization of patients at 30 days, it seems reasonable to expect that such an analysis would likely underestimate the true benefit of prasugrel because of the absence of a possible rebound effect early in the post-30-day period for patients who switch from prasugrel to clopidogrel (rather than stay on clopidogrel) at 30 days. Furthermore, the higher rate of multiple rehospitalizations for MI or repeat PCI for clopidogrel raises the possibility that prasugrel reduces the rate of subsequent hospitalization events beyond the first. 23 Although prasugrel was a dominant therapy within 13 of the 17 subgroups examined, it is noteworthy that cost savings and estimated incremental life expectancy gains were considerably greater for the highest-risk subgroups (eg, patients with diabetes and patients with ST-elevation myocardial infarction). On the other hand, post hoc subgroup analyses from TRITON-TIMI 38 revealed that for patients with a prior history of stroke or TIA, there was a trend toward worse clinical outcomes in terms of both the primary clinical end point and bleeding and that these events translated into lower life expectancy for prasugrel (by 0.14 years). Therefore, despite lower net costs of $154 per patient, prasugrel would not be considered a therapy of choice for these patients.
Generic clopidogrel is likely to become available in the 
Limitations
Although this cost-effectiveness study derives strength from being carried out using patient-level data from the TRITON- *Prasugrel less effective than clopidogrel (in terms of life-years gained).
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TIMI 38 trial, it is not without limitations. TRITON-TIMI-38 was a multinational study, and healthcare cost data were not collected directly from the patients. Moreover, details sufficient to allow accurate accounting of subsequent hospitalizations were collected for only the 8 countries participating in the economic substudy. The effects of prasugrel versus clopidogrel on the relative incidence of the primary clinical end point and its individual components were similar between the overall trial cohort and the economic study subset; however, we were unable to rigorously assess whether the rates of non-end point-related hospitalizations differed. The lower rate of hospitalizations involving PCI in the absence of an MI accounts for a large portion of the cost offsets with prasugrel, and whether this difference between treatment groups is present among patients not in the economic study is unknown. The application of US DRG-based cost estimates to multinational hospitalizations does not fully account for possible differences in treatment practices and resource use between countries or healthcare systems. If a large proportion of patients come from countries for which the threshold for hospitalization differs considerably from that in the United States, the difference in costs between treatment arms may be underestimated or overestimated. Estimates of the incremental costs associated with periprocedural bleeds and MIs were derived from external sources; the definitions associated with these events may differ from those used in TRITON-TIMI 38. The validity of the external estimates of lost life expectancy from the Saskatchewan Health Database depends on the nonfatal events on which they are based having the same prognostic implication as those observed within each of the treatment arms of the trial, an assumption that cannot be independently tested with available data. However, sensitivity analyses demonstrated that the cost-effectiveness results remained favorable under plausible variations in life expectancy projections, including the assumption that lost life expectancy resulting from death, nonfatal MI, or nonfatal stroke was only 50% of that estimated using Saskatchewan data and under the assumption that periprocedural MIs do not affect long-term prognosis.
Conclusions
For patients undergoing PCI in the ACS setting, treatment with prasugrel compared with clopidogrel is highly costeffective, and under many circumstances cost saving, over both the subacute and longer-term phases of treatment. Further studies are necessary to understand the optimal duration of treatment and the cost-effectiveness in other non-ACS settings.
